Athletes regularly combine maximal strength, power, and hypertrophy-oriented training within the same workout. Traditionally, it has been suggested that power-oriented exercises precede strength and hypertrophy-oriented training within a workout to avoid the possible negative effects that the latter types of training may have on power output. However, with regard to upper-body training, little study has been performed to verify this commonly held belief. The purpose of this study was to determine the extent, if any, of a highrepetition, short-rest-period, hypertrophy-oriented training dose on upper-body power output. Twenty-seven collegeaged rugby league players were tested for average power output during bench press throws with a resistance of 40 kg (BT P40). The experimental group (Hyp, n ϭ 15) then performed a typical hypertrophy-oriented work bout (3 ϫ 10 at 65% 1 repetition maximum bench press, 1RM BP) before being retested for power output with the same resistance. In comparison with the control group (Con, n ϭ 12), whose power output remained unchanged between the pre-and posttest periods, the Hyp group experienced a large, significant decrease in BT P40 power output. Even after further passive rest of 7 minutes, power output remained suppressed from the pretest values. Furthermore, the strongest 5 subjects experienced significantly larger percentage declines in power output than did the 5 less strong subjects. This study shows that a high-repetition, short-rest-period training can acutely decrease power output. Coaches should plan the order of exercises carefully when combining power and hypertrophy training.
Introduction
T ypical recommendations have suggested that power training should precede strength or hypertrophy-oriented training within a workout or training cycle (3, 21) . It is thought that these other forms of resistance training may induce some acute fatigue, which could compromise power output (21) . However, those who advocate complex training embrace the alternating of strength and power exercises or sets within a workout (2-4, 11, 12, 14, 15) . The strength work recommended within contrast/complex training is typically of very low volume (3, 12, 14) , which may not have a deleterious effect on power output and indeed has been shown to increase power output (4, 6) . However, hypertrophy-oriented training is usually distinguished from strength-oriented training by a much higher training volume (21) . Theoretically, this higher volume of training may acutely impair power output (21) . In support of this hypothesis is the recent work of Leveritt and Abernethy (18), who reported a decrease in squat strength and isokinetic knee extension torque following a bout of mixed aerobic and anaerobic exercise.
To date, few studies exist that have examined the acute effect of higher volume hypertrophy-oriented training on upper-body power output within a workout, despite the seeming commonality of the power before hypertrophy edict. The purpose of this study is to report the acute effects of a dose of high-volume, hypertrophy-oriented training on power output during upper-body training.
Methods

Subjects
Twenty-seven college-aged rugby league players, who were experienced in power training, served as subjects for this study. They were informed of the nature of the study and voluntarily elected to participate in the testing and intervention sessions. Fifteen were assigned to the experimental group (Hyp), who were to perform the hypertrophy-oriented intervention strategy, while 12 served as controls (Con). There was no difference between the groups in any of the performance tests such as 1 repetition maximum bench press (1RM BP) 
Testing
Power output was tested during explosive bench pressstyle throws with an absolute resistance of 40 kg (BT P40) using the Plyometric Power System (PPS; Norsearch, Lismore, Australia), which has been described extensively elsewhere (2-10, 19, 20, 22, 23) . Briefly, the PPS is a device whereby the displacement of the barbell is limited to the vertical plane, as in a Smith weight training machine. The linear bearings that are attached to each end of the barbell allow the barbell to slide about 2 hardened steel shafts with a minimum of friction. A rotary encoder attached to the machine produces pulses indicating the displacement of the barbell. The number of pulses, denoting barbell displacement, and the time of the barbell movement were measured by a counter timer board installed in the computer. The PPS software calculated the average mechanical power output in watts (W) of the concentric phase of the bench press throws based on the displacement of the barbell (D), time of displacement (T), and mass of the barbell (M) (ϫ gravity, G) (M ϫ G ϫ D/ T ϭ power output in watts). Test reliability (r ϭ 0.92) was conducted using the Con group, who were retested after 4 days. Prior to pretesting, subjects warmed up by performing 5 repetitions of both the bench press (60 kg) and bench throw exercise (20 kg). After 3 minutes of rest, the subjects performed the pretest, which consisted of 5 consecutive repetitions with the investigated resistance (pre-BT P40). Only the repetition with the highest concentric average power output was chosen and recorded for analysis.
The Con subjects were posttested after 3 minutes of rest. This provided data pertinent to whether any augmentation to power output may occur without active intervention.
The Hyp subjects performed 3 sets of 10 repetitions of the free weight bench press exercise with a resistance of 65% of their 1RM BP, separated by a 1.5-minute rest between sets. This intervention strategy was chosen as a typical example of a hypertrophy-oriented workout. The posttesting consisted of the athletes repeating the BT P40 test 2 more times (Post #1 BT P40 and Post #2 BT P40). A 1.5-minute rest period existed between the conclusion of the intervention segment (3 ϫ 10 @ 65% 1RM BP) and Post #1 BT P40 to determine the immediate effects on power output of such a hypertrophy-oriented bout of resistance training. After 5 more minutes of rest, the subjects performed another test (Post #2 BT P40) to gauge the extent of recovery.
Statistical Analyses
To determine if any difference existed between the Hyp or Con groups at any testing occasion, a 2-way analysis of variance (ANOVA) with repeated measures was used. To discern if absolute workload had a more deleterious effect on power output in stronger subjects, two largely disparate subgroups were identified. A factorial ANOVA based on each subject's absolute 1RM BP was used to identify 2 significantly different groups of 5 subjects (strong and less strong). The percentage decline results for these 2 subgroups were also compared using factorial ANOVA. Significance was accepted at an alpha level of p Յ 0.05 for all testing.
Results
The results are outlined in Table 1 . All posttest scores for the Hyp group were significantly different from each other (p Յ 0.05) and from those of the Con group, who remained unchanged. The intervention strategy of high-repetition, short-rest-period, hypertrophy-oriented training had caused an acute 18% decrease in power output to be manifested 1.5 minutes after the cessation of the last intervention set. After a further 5-minute rest period (about 7 minutes after the last intervention set), power output was still depressed by an average of 6.6%.
Discussion
The results detailing the deleterious effect of just 3 sets of hypertrophy-oriented training on power output support the common edict that power exercises should be performed before or separate from high-repetition or hypertrophy-oriented training. The fatiguing effects of high-repetition, short-rest-period training was quite pronounced and actually had a more pronounced effect than a much longer, more voluminous conditioning bout had on muscle strength in previous research (1, 18) .
Leveritt and Abernethy (18), who studied the acute effects of prior combined aerobic and anaerobic conditioning training on squat and isokinetic knee exten-sion strength and Kraemer et al. (17) , who reported large reductions in work capacity resulting from highvolume, short-rest-period protocols, stated the source of such impairment in performance may be due to a combination muscle acidosis (high muscle lactates) or changes in the electrical/tissue properties of the muscle. Neither of these factors by themselves would appear capable of the 18% decline in power in the current study, and as such, this study tends to support a multifaceted fatigue approach. For example, as isokinetic strength can be impaired even 4 hours after an acute dose of such conditioning, by which time muscle acid levels should have returned to normal, this may not be the only fatigue mechanism (1). In this study, the prescribed intervention workload should not have depleted glycogen to such a level that it could account for the 18% decline in power output and the fact that power levels increased significantly after a further 5-minute rest tends to support this. In light of Hakkinen's (16) research demonstrating acute neural fatigue within a training session consisting of multiple sets of maximal effort squats, this avenue of fatigue must also be considered. With increased rest (7 minutes), there was a gravitation back toward pretest power levels, indicating that simple rest offers some respite from the mechanisms inducing performance decrement. Simple rest may provide time for lactate clearance and neural relaxation, helping to restore power levels.
Another possible neural source for decreased power output may be, in part, due to the speed-control theory as enunciated by Enoka (13) . The slower speed of the hypertrophy-oriented training may tune the neural system into performing the power test at less than normal speed, resulting in lower posttest power outputs.
An interesting observation of the results was the effect of absolute workload on fatigue. While every subject lifted the same relative workload as the intervention strategy (3 ϫ 10 @ 65% 1RM BP), stronger (in absolute mass lifted) subjects performed a much higher absolute workload. To discern if this absolute workload had a more deleterious effect on power output, two largely disparate groups of 5 subjects were identified based on absolute 1RM BP (a strong and less strong group). This strategy of discerning disparate subgroups of only 5 or 6 of the strongest or less strong subjects within a population has been performed before and yielded interesting results on the adaptations to resistance training (6, 22) . A significant difference (p Յ 0.05) in the degree of decline in power output from the pre-BT P40 to the post #1 BT P40 was observed between the strong (24.4%) and less strong groups (13.1%). Thus, the stronger subjects, performing higher absolute workloads for the intervention strategy (8,000 kg vs. 6,750 kg), fatigued to a significantly greater degree than their less strong counterparts. Previously, it has also been shown that highvolume training accompanied by very short rest periods severely compromises work capacity in very strong athletes (17) . This result would indicate that, for stronger athletes, even greater care must be taken to ensure the negative effects of high-repetition, shortrest-period training does not impact on power training.
Practical Applications
High-repetition, short-rest-period hypertrophy-oriented training has a significant severe acute impact on power output. This negative impact on power output is still significant 7 minutes after a mild dose (3 ϫ 10) of such training. It could be posited that, if a number of exercises were performed in such a hypertrophyoriented training session, then the cumulative effects on power output would be even more severe. As such, it must be recommended that high-repetition, shortrest-period training not be alternated with or performed before power training sets or exercises.
A significantly higher decline in power output was noted in the 5 strongest athletes as compared with the 5 less strong athletes. Given that stronger athletes perform higher absolute workloads than less strong athletes, strength coaches should be aware of the possible interfering effects that the compounding (e.g., 5-10 exercises ϫ 3 sets ϫ 10 repetitions) of hypertrophy-oriented training may have on power output within a session or training week. Consequently, strength coaches may need to curtail or carefully manage the hypertrophy-oriented training of their strongest athletes when in training cycles aimed at maximising power output.
